Background: Congenital cystic eye is an exceedingly rare ocular malformative disease, originated from the failure in the invagination of the optic vesicle during the fetal period and it can be associated with other ocular and non-ocular abnormalities. Diagnosis is based on clinical, radiological and histological features. Case presentation: We report a case of a congenital cystic eye associated with a cerebellar lesion accidentally detected at magnetic resonance imaging. Biopsy of the mass has not been performed due to parental rejection. Based on radiologic features and absence of clinical signs, a low-grade glioma diagnosis was hypothesized, but histological characterization was not obtained. Follow-up neuro-imaging 6 months after diagnosis showed that intracranial lesion spontaneously regressed without any treatment. Conclusion: Our report stresses the importance of early MRI in children with ocular malformations, in order to detect associated intracranial defects, also of non-malformative origin. Additionally, we debate the clinic-radiological features of the intracranial lesions that could allow a wait-and-see policy. We also recommend a strict clinical and neuro-imaging follow-up for these lesions. Finally, biological mechanisms at the base of spontaneous regression of the brain lesions are discussed.
Background
Congenital cystic eye [1] is a very rarely recognized ocular malformation with fewer than 40 cases reported. The condition derived from the partial or complete arrest in the invagination of the primary optic vesicle during the fourth week of gestation [2] . At the best of our knowledge, congenital cystic eye can be defined as a nonhereditary disorder of unknown origin. The disorder is most commonly unilateral, but bilateral congenital cystic eyeball has been recognized by Sacks et al. [3] . They investigated the central visual pathways in bilateral congenital cystic eye and evidenced that the intracranial portion of one optic nerve represented a remnant of the optic stalk and no chiasm was found. The malformation is usually present at birth or may become apparent later in childhood. The congenital cystic eye may be cystic or solid and the cyst may vary in size in relation to the patency of the stalk, and may be single or multiple. Connective tissue lined by neuroglial material composes the wall of the congenital cystic eye. The ocular structures derived from surface ectoderm, as lens or cornea, is lacking and the extra-ocular muscle surrounding the malformation may be normal or defective. Congenital cystic eye may be isolated or associated with intra or extra-ocular malformations [4] . The most common intraocular malformation described in association with congenital cystic eye is microphthalmia with cyst [5] , as a rare entity cataloged on the spectrum of colobomatous eye disorders. Persistent hyperplastic primary vitreous in the fellow eye [6] , dermal appendages [7] , eyelid coloboma have been also recognized in association with congenital cystic eye. Systemic associations [8] include saddle nose, facial clefting, nostril malformation, choanal atresia, malformation of the sphenoid bone and other neurological abnormalities. Brain magnetic resonance imaging (MRI) [9] is not only useful in the diagnosis and management of this rare entity, but it can also be helpful in diagnosing associated brain abnormalities. Differential diagnosis between this malformation and different cystic malformations and masses of the orbital cavity and eyeball is often very difficult also for expert clinicians. Surgical exploration and histopathology are also crucial for diagnosis.
We here report a rare case of a congenital cystic eye associated with a glial cerebellar lesion accidentally detected at magnetic resonance, that spontaneously regressed during follow-up. Finally, we also debated the biological mechanisms at the base of spontaneous regression of the brain lesions.
Case presentation
A 6-month-old child was referred to our Ophthalmology Department for a congenital unilateral cystic orbital mass, noticed at birth. Ophthalmologic examination revealed a left empty socket and a cystic lesion protruding from the left orbit, stretching upper eyelids. No ocular structures could be identified. The child didn't present cafè-au-lait spots, specific cutaneous lesions or Lisch nodules in the iris. Patient was tested by array comparative genomic hybridization, without evidence of genomic abnormalities: in particular, SOX2/PAX6 mutations were excluded and karyotype was normal. On the ultrasonography, no globe was disclosed in the left cavity. Brain and orbit MRI suggested a non-infiltrative extraconal superior lesion (Figure 1 ) that variably contained solid and fluid mixed components. No other intracranial alterations were evident. The high risk of rupture of the cyst, caused by the thin wall and the adherence to connective tissue of the peri-orbita, was prevented by aspiration of the fluid, but a radical dissection from the surrounding structures was not easy, so the mass was partially excised. Histopathological examination of the cyst disclosed a complex structure primarily composed of neuroglial tissue, as described in Figure 2 . Immunohistochemical staining revealed positivity for neuron specific enolase (NSE) and synaptophysin. These findings were coherent with diagnosis of congenital cystic eye. Follow-up brain MRI, performed one year after surgery ( Figure 3A-C) , disclosed a focal altered signal consistent with a superficial, well-described solid lesion in the right cerebellar cortex, 8 mm in maximum diameter, hypointense on T1-weighed and hyperintense on T2-weighed images, with mild and inhomogeneous enhancement after gadolinium administration. In the lesion site, no signal alterations using DWI sequences could be detected. Based on the absence of clinical signs and considering the radiologic features in pediatric setting, an etero-formative lesion of glial origin was suspected. Biopsy was recommended, but parental consent was not obtained. Therefore, a wait-and- see policy was forcedly applied. The parents also refused a brain MRI after 1 month. Surprisingly, brain MRI performed 6 months after the diagnosis of the intracranial lesion demonstrated a complete regression without any treatment (Figure 3) . Subsequent neuroimaging follow-up confirmed this spontaneous involution and the child currently remains disease-free 24 months after diagnosis.
Discussion
To our knowledge, less than 40 cases of congenital cystic eye, also termed "anophthalmos with cysts", have been published to date. Duke-Elder [10] [11] . Also two single cases described by Dash et al. [12] and Shukla et al. [13] were not evaluated histopathologically.
This rare disembriogenetic disorder results from a defect in the invagination of the primitive optic nerve vesicle, causing the incomplete evolution of the ectodermal elements into the mature eye tissues between the 2-mm and 7-mm stages of fetal development. The etiology of the cystic eye remains unclear; genetic investigations performed in few cases have not yielded any peculiar defects [14, 15] , as in our case. Congenital cystic eye has been rarely recognized in association with other intracranial non-ocular alterations [16] , as agenesis of corpus callosum, midbrain deformity, basal encephalocele and microcephaly. The definition of "cranial ectodermopathy" [17] has been coined in order to unify this constellation of abnormalities, predominantly of malformative origin. To our knowledge, the association between congenital cystic eye and etero-formative lesions of the central nervous system has been exceptionally described: Mehta et al. [18] reported the case of a 13-year-old girl affected by a congenital cystic eye in association with ectopic glial tissue in the subependymal region of the left ventricle. No glial lesions in the cerebellum associated with congenital cystic eye have been previously recognized.
Diagnosis is based on clinical, imaging and histopathological features. Newer imaging modalities, as prenatal magnetic resonance imaging, could reveal characteristic findings of this condition at or even prior to birth, as suggested by Singer et al. [19] .
The hardest histological differential diagnosis includes orbital teratoma, in which derivatives of all three germ lines are present [20] . Teratoma of the orbit may present with severe proptosis and rapid growth and malignant transformation is possible. Further differential diagnoses include microphthalmos with cyst, heterotropic brain tissue and meningoencephalocele. Microphthalmos with cyst is one of the colobomatous anomalies of ocular development which is derived from failed closure of the fetal cleft, resulting in a cyst attached to the sclera. Congenital cystic eye is less common than microphthalmos with cyst and it is similar to the cystic portion of micropthalmos with cyst, as reported by Dollfus et al. [21] . Meningoencephalocele is due to a defect of the cranio-orbital bones and the orbit may present with a cystic structure in the supero-medial canthal area, inducing proptosis [22] . True anophthalmia is extremely rare, although at birth the cystic eye may mimic anophtalmia [23] .
There is no standardized protocol for management of the congenital cystic eye. Surgical intervention is strongly advised in order to obtain an optimal cosmesis. Regarding timing of surgery, cystic globes have been excised within a week to several years after the birth. After excision, Chaudry et al. [24] achieved acceptable cosmesis by fitting prosthesis, while Mansour et al. [25] performed the excision of a congenital cystic eye at the age of seven months without the use of an implant and the conjunctional fornix was fitted with progressively larger spheres. Robb et al. [26] reported a case of congenital cystic eye in which an initial attempt for excision was followed by recurrence of the cyst in the orbit after three months. Based on their experience, they concluded that every effort should be made to totally excise the congenital cystic eye when surgical removal is undertaken, due to the risk of recurrence.
At our knowledge, cerebellar lesion of supposed glialorigin has not been previously reported in the contest of the congenital cystic eye. Furthermore, spontaneous regression of low-grade glial lesions [27] is a rare but well recognized phenomenon [28] , already described in children with [29] or without NF1 [30, 31] and mainly after surgical intervention of biopsy/resection. Unfortunately, main limit of our description is the absence of the histopathologic characterization of the lesion in the cerebellum.
Brain tumors are the most common solid tumor diagnosed in childhood that account for significant morbidity and mortality. Children affected by low-grade gliomas are known to have an excellent 10-year survival rate. Bandopadhayay et al. [32] identified children diagnosed with low-grade gliomas between 1973 and 2008 through the Surveillance Epidemiology and End Results database. A total of 4040 pediatric patients aged <19 years were recorded (median age at diagnosis: 9 years, range 0-19 years; no gender difference). Pilocytic astrocytoma was the most common histology, accounting for 65% (Grade I: 74%, Grade II 26%). Supratentorial site(31%) and cerebellum (29%) were the preferential locations.
Therefore, in our case, the glial origin of the lesion could be anyhow suspected considering several elements. In pediatric population, the detection of incidental intracranial abnormalities can occur due to the advancing diagnostic imaging. Identified radiological features suggestive for low-grade gliomas are as follows [33] : non-enhancing, maximum diameter <1.5 cm, absence of surrounding edema. In these cases, treatment options include conservative strategies versus operative approaches and the choice is sometimes debated. The Joint Section on Tumors of the American Association of Neurological Surgeons/Congress of Neurological Surgeons has provided practice guidelines [34] that suggest that biopsy should be standard practice regardless of whether observation or further treatment is pursued. Conversely, Ali ZS et al. [35] presented a series of 12 pediatric patients with incidentally detected, small, non-enhancing, intracranial lesions that were treated conservatively with watchful waiting and closely serial MRIs. All patients were neurologically intact and the cerebellum was the most common lesion location. They proposed that the conservative approach offered a safe and effective alternative to invasive management. Non-operative management of incidental lesions radiologically consistent with low-grade gliomas could be favored because of the potential morbidity related to the technical aspects of the surgery, the anesthetic complications and the lack of sufficient data demonstrating improvement in the natural history of the disease. Moreover, significant limitations of diagnostic biopsy includes sampling error, particularly with small lesions located in the posterior fossa, with the risk of exposure to additional surgeries [36] .
Low-grade glioma was also considered the most likely diagnosis in all cases, based on the consistent pattern of T1 hypointense, T2 and T2 fluid-attenuated inversion recovery hyperintense, and non-enhancing pattern of the lesions. Therefore, as in our case, in which the informed consent to the biopsy was denied, a "watchful waiting" management could be supported by the radiologic features consisting with a low-grade glial lesion and the absence of neurological deficits [37] . The interpretation of contrast enhancement is still debated [38] : in noncerebellar gliomas, fluctuation of contrast enhancement during follow-up seemed to have no correlation with disease progression in absence of tumor size changes.
Biological mechanisms which induce spontaneous regression may only be speculated [39] . Several authors [40] hypothesize that indolent course and spontaneous regression of the lesion, predominantly in NF1 subset, could be related to a role of neurofibromin in downregulation of RASA oncoprotein expression, that imply a decreased potentiality of cell proliferation. Furthermore, in patients ongoing biopsy or incomplete removal, it has been suggested that surgical intervention discloses previously protected antigens allowing a better recognition by the host's immune system [41] . Moreover, surgical procedures seem to influence the growth attitude of the lesion by inducing vascular changes in the microenvironment and consequently leading tumor regression and reactive gliosis [42] . The expression of the apoptosis-related genes in the tumor [43] , defined by well-know biologic markers as Apoptag, may also represent a contributing mechanism in the spontaneous involution.
Conclusion
In conclusion, congenital cystic eye should be suspected in infants with an unrecognizable ocular globe. We present the first report of a low-grade lesion of suspected glial origin in the cerebellum, with unusual biological behavioral, disclosed in association with congenital cystic eye. Currently, we have no convincing explanation, supported by "ad hoc" literature and documentation of larger series, to explain the link between these two clinical entities; so it seems to be an accidental but very interesting association, in which two rare conditions are overlapped. We could also confirm that the well-known practice of early brain MRI in children with ocular malformations is very useful, in order to investigate the possible association with other intracranial alterations, also of non-malformative origin. This case presentation also highlights the radiologic features of the accidentally disclosed intracranial lesions that could justify a wait-and-see policy. Long-term follow-up is required to closely survey the tumor growth rate; in case of enhancement modifications, increase of size and/or edema appearance, biopsy and resection are then considered.
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